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Foracontrolsystemtoope w 
operational conditions within the transmission. For example, it is often useful to measure or O 
calculate the magnitude and the direction of torque within the transmission to operate control 
devices that can regulate the torque in the transmission. One approach for measunng torque xs to 
mountatorquesensoronatr^^ 

between two known points on the shaft. Torque sensors are very expensive and therefore rarely 
used inpractice, Another drawback is that since the sensor is mounted on the shaft signals must ^ 
be sent from the sensor to a processing unit via a wireless transmission system or otherwrse ^ 
contact brushes must be mounted about the shaft. There are difficulties in setting up torque - 
sensorsusingcontactb^ 
readings or failure of the sensor. 

Accordingly the present invention seeks to provide transmissions having a control system for 
regulating the amount of torque in the transmission during a gear- change and means for 
measuring the magnitude of torque within a transmission that mitigates at least some of the 
aforementioned problems. 

According to one aspect of the present invention there is provided a transmission having a 
plurality of gear ratios, selector means for selectively engaging the gear ratios, and a control 
system including means for measuring deformation caused by torque in the transmission m at 
least one static component or assembly that is deformed due to torque in the transmit, and 
means for controlling the torque in the transmission, wherein the control system is arranged to 
measure deformation and to adjust the torque in the transmission according to the measured 
deformation and a known relationship between the gear ratios. 

Each gear ratio causes a different amount of deformation in the component or assembly at a 
particular magnitude of torque in the transmission due to the differing physical properties and 
arrangement of each gear ratio. The known relationship of the amount of deformation caused 
when each gear ratio is selected allows the control system to adjust the deformation measured m 
accordance with the known relationship when a new gear is selected. The control system can 
thereby contmi me amount oftorquem me transmission during^ 

gear changes without having to calculate the absolute value of torque in the transmission. Static 
components and assemblies relate to components and assemblies other than the rotational 
components and assemblies of the transmission. Preferably the static component or assembly 
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arranged is arranged to support or house rotatable components of the transmission, a vehicle g 
chassis or support arrangement between the chassis and the transmission. m 

—I 
CQ 



Advantageously the known relationship is substantially linear and values corresponding to the 
m easureddefo*mation^^ 

be non-linear and algorithms canbe used to adjust the measured values. 

Advantageously the control system is arranged to control the rate of change of torque in the 
transmission in accordance with the deformation measured. CD 
Advantageously the means for controlling torque in the transmission includes clutch means. 
Preferablyfceclutchme^ 

drive from a drive source to the transmission, and control means for controlling the engagement 
force between the engagement members. The control means can automatically reduce the 
engagement force before the selector means selects an unengaged gear ratio to allow relauve 
rotational movement between the engagement members when the unengaged gear rauo u 
engaged by the selector means. 

Advantageously the means for controlling torque in the transmission includes tneans for 
controlling the speed of a drive source. For example, themeans for controlling the drive source 
can be an engine control unit or a throttle pots mechanism. 

Preferably the control system includes means for calculating the magnitude of torque in the 
ixansmission system and includes estimating means for estimating torque in the transrmssion 
when the selector means engages an unengaged gear ratio. Preferably the estimating means 
predicts torque in the transmission when the. selector means .elects an unengaged gear rat,o m 
accordance with the measured deformation immediately prior to a gear change and the known 
relationship between the engaged gear ratio and the unengaged gear ratio. 

The control system includes sensor means for sensing the position of the selector means. The 
sensormeanscanbeusedtoaccur^^ 

which gear ratio is engaged, and which gear ratio is being selected. This enables the control 
system to determine which known relationship should be used to control the torque » the 
transmission during a gear change. 

Preferably the transmission includes means for identifying fluctuations in the deformation 
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measurements due to factors other than drivelirie torque. For example, factors such as vehicle 
movement due to undulations in road. Preferably the control system is arranged to record a 
plurality of readings and calculate the difference between the measurements, and to control the 
torque to account for fluctuations in the deformation measurements [due to factors other than 
drive line torque.] If deformation measurements are affected by, for example loading due to an 
uneven road surface the control system would control the level of torque to prevent fluctuations 
in the torque in the transmission. 

Advantageously the control system may include at least one of means for measuring engine 
speed, means for measuring road speed or a vehicle^mounted accelerometer. 

Preferably the means for measuring deformation measures the amount of torsional deformation 
in the component or assembly. 

Advantageously the means for measuring deformation determines the direction of torque in the 
transmission. 

Preferably the component or assembly comprises at least one of a transmission bearing, casing, 
support member, mounting, or mounting bolts. Preferably the casing comprises one of the 
gearbox casing and the tail shaft casing. 

Preferably the means for measuring deformation includes at least one load cell, and preferably 
aplurality of load cells. In one embodiment the means for measuring deformationis mounted on 
a casing having a longitudinal axis and the casing is arranged such that torque in the transmission 
twistingly deforms die casing about the longitudinal axis. Preferably first and second load cells 
aremountedonthecasingsuchth^^ secondload 
cells to generate different outputs. Preferably the load cells are arranged in a Wheatstone bridge 
circuit. 

In one embodiment the means for measuring deformation measures the amount of strain in the 
componentor assembly. The means for measuring deformation includes at least one strain gauge. 
Preferably the strain gauge is arranged in a Wheatstone bridge circuit 

According to another aspect of the present invention there is provide a method for controlling 
torque in a transmission having a plurality of gear ratios and selector means for selectively 
■ engaging the gear ratios, including measuring the deformation caused by torque in at least one 
component or assembly arranged to support or house rotatable components of the transmission, 
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selecting anmengaged gearratio, adjusting^^ O 
measured deformation and a known relationship between the gear ratios. ^ 

Preferably the method includes controlling the rate of change of torque. 

Preferably the method includes estimating the amount of torque in the transmission when an ^ 
unengaged gear ratio will be engaged. ^ 

According to another aspect of the present invention there is provided a transmission having a Cg 
plurality of gear ratios, selector means for selectively engaging the gear ratios, including means CO 
for measuring deformation caused by torque in the transmission in at least one component or 
assembly arranged to support or house rotatable components of the transmission. 

Preferably the transmission system includes first and second rotatable shafts, and means for 
transferring drive from one of the shafts to the other shaft including first and second gear wheels 
each rotatably mounted on the first shaft and having drive formations formed thereon, selector 
assembly for selectively transmitting torque between the first shaft and the first gear wheel and 
between the first shaft and the second gear wheel, wherein the selector assembly includes an 
actuator assembly and first and second sets of engagement members that are moveable into and 
out of engagement wilh the first and second gear wheels independently of each other, said 
selector assembly being arranged such that when a driving force is transmitted, one of the first 
and second sets of engagement members drivingly engages the engaged gear wheel, and the other 
set of engagement members is then in an unloaded condition, wherein the actuator assembly is 
arranged to move the unloaded set of engagement members into driving engagement with the 
unengaged gear wheel to effect a gear change. 

The selector assembly can be arranged such that when a braking force is transmitted the first set 
of engagement members drivingly engages the engaged gear wheel, and the second set of 
engagement members is in an unloaded condition, and when a driving force is transmitted the 
second set of engagement members drivingly engages the engaged gear wheel, and the second 
set of engagement members is then in an unloaded condition. 

The actuator assembly can be arranged to bias the loaded set of engagement members towards 
the unengaged gear wheel without disengaging the loaded set of engagement members from the 
engaged gear wheel. 
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The first and setond sets of engagement members can be arranged to rotate, in use, with the first 
shaft. Preferably the first shaft is an input shaft and the second shaft is an output shaft and drive 
is transferred from the input shaft to the output shaft. 

An embodiment of the present invention will now be described, by way of example only, with 
reference to the accompanying drawings in which like references indicate equivalent features, 
wherein: 

Figure la is a sectional general arrangement of a transmission system in accordance with 
the present invention; 

Figure lb is a perspective view of the outer casings of the transmission of Figure la; 

Figure lc is a schematic of a control system in accordance with the current invention; 

Figure I d is a graph of torque v time for a gear change from first to second gear, 

Figure 2 is a perspective view of part of a selector assembly; 

Figure 3 illustrates the arrangement of a group of dogs on a side of a gear; 

Figure 4 is a plan view of a disc spring; 

Figures 5a-f illustrate diagrammatically operation of the selector assembly; 

Figure 6 is a schematic showing operation of the control system when selecting a higher 

gear; 

Figure 7 is a graph showi ng clutch pressure against time; 

Figure 8 is a schematic showing operation of the control system when selecting a lower 
gear; 

Figure 9 shows a circuit diagram for a strain gauge; 

Figure 10 is a sectional view of an output shaft showing an alternative arrangement for 
attaching the engagement bars to the output shaft; and 

Figure 11 is a plan view of a disc spring for a second embodiment of the invention; 
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Figures la and lb show a transmission system arranged for use in a vehicle such as a motor car 
and Figure 1c is a schematic of a control system for controlling the selection of gear ratios. The 
transmissionsystem comprises anoutput shaft 1 havmgfhstandsecond gearwheels 3,5mounted 
thereon an input shaft 7 having third and fourth gear wheels 9, 11 mounted thereon and a selector 
assembly 13. The first and second gear wheels 3,5 are rotatably mounted on the output shaft 1 
and the third and fourth gear wheels 9,11 are formed integrally with the input shaft 7 and are 
locked for rotation therewith. The first and second gear wheels 3,5 mesh with third and fourth 
gear wheels 9,11 respectively, which are formed integrally with the input shaft, to form first and 
second 

clutchplates 4,6. The first clutch plate 4 is connected by afirst shaft 8 to the output of an engine 
1 0 and the second clutch plate 6 is connected by a second shaft 1 2 to the input shaft 7 via a fifth 
gear wheel 14. The fifth gear wheel 14 is locked for rotation with the second shaft 12. The 
arrangement is such that the clutch 2 can selectively apply drive from the engine 10 to the 
transmission output shaft 1 , via the input shaft 7 and gear ratios 15,17. 

First and second sensors 16,18 are located in the clutch 2 to measure the rotational speeds of the 
first and second clutch plates 4,6 respectively. The first and second sensors 1 6, 1 8 are Hall Effect 
type sensors but other types of sensor such as optical sensors or gear wheel speed measurement 
devices can be used. The first and second sensors 16,18 are connected to a computer processor 
00 that controls the operation of the control system. Optionally, a third sensor 18b can be used 
to measure the rotational speed of the engine output shaft. The clutch 2 includes an actuator 22 
forcontrollingmepressure,andhencetheamountoffriction,betweenm 
plates 4 6 and hence the torque that can be transmitted from the engine 1 0 to the transmission. 
The actuator 22 is controlled electronically by signals received from the computer processor 20 
to increase or decrease the pressure between the first and second clutch plates 4,6 and thereby 
control whether the first and second, clutch plates rotate at the same speed (fully engaged) or 
whether they move relative to each other (slip occurring). The computer processor 20 can detect 
slip in the clutch 2 from the measured speed of the engine output shaft by detecting changes m 
the speed and known properties of the transmission, such as which gear ratio is engaged and the 
number of teeth each gear wheel has. Similarly the computer processor 20 can detect clutch slip 
by comparing the speed sensors on either side of the clutch. The processor 20 can determine 
which gear is engaged by reading the speed sensors on the output side of the clutch (gearbox 
input speed) and gearbox output speed. 

The computer processor 20 is also connected to a throttle control mechanism 24 for controlling 



ratio. 



The dutch 2 is housed in a first casing 32, commonly known as a hell housing , and the 
transmission is housed in a second casing 34, known as the gearbox casing. The hell housmg 32 
comprises is a substantially frustum tubular member and the gearbox casing 34 comprises a 
tubular member having a rectangular cross-section. First and second end plates 36,33 are each 
attached to the gearbox casing 34 by bolts. The end plates 36,38 can be detached from the 
gearbox casing 34 to allow maintenance work to be undertaken. The bell housing 32 is fixed to 
first end plate 36 by bolts (not shown). The first end plate 36 has a through hole 40 and the 
second shaft 12 extends from the second clutch plate 6 through the hole 40 and into the gearbox 
casing 34. The first shaft 8 is supportedby abating 42 within the gearbox casing for rotational 
movement relative to the gearbox casing. The bearing 42 is press fit into the first end plate 36. 
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thespeedandtorq^eoutpu^ 

mechanism that is arrangedto selectively ovenide the driver's control ofthe engine to enable the 
control system to more closely control the torque output of the engine to assist with maintaining 
a target gearbox output torque gradient during rapid gear engagement. Signals sent from the 
computer processor 20 to me throme pots 24 ^increase or dea-ease me engine speed or to^ 
in accordance with the control signals received, thereby controlling the rotational speed of the 
first shaft 8 and the first clutch plate 4. The speed of the engine 10 is measured using a 
conventional sensor the output of which is connected to the computer processor 20. 

CD 

The effect of torque spikes caused when the selector assembly 13 engages a new gear ratio can 
bereducedtoanacceptablele^^ 

vehicle, by reducing the pressure between the first and second clutch plates 4,6 before the new 
gear ratio is selected without fully disengaging the plates to allow the clutch plates to slip 
(relative rotationalmovementbetween the clutchplates)whentheselector assembly 13 engages 

the new gear wheel and generates a torque spike in the transmission. Preferably the.pressure 
between the clutch plates 4,6 is reduced to approximately the onset of slip immediately after a 
aear change has been initiated, for example manually by the driver moving a gear stick 26 or 
automatically by.the control system after measuring a certain engine speed, but before the new 
gear is engaged. The torque spike generated by me selector assembly 1 3 engaging the new gear 
wheel is dissipated because it causes rapid slip between the clutch plates 4,6 since the clutch 
plates are already at the onset of slip before receiving the additional load caused by the torque 
spike This also allows the engine 10 time to adjust its speed to match the speed of the new gear 
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H. second end plate 38 has a through hole 48 and the output shaft 1 extends tough to hole 
Log 52 that is pre. ft ft the second end plate 38 for rotations! movement n auve to * 
^Ided to fte second end plate. The tan shaft casing 52 comprises a subs—y cvhnd^ g 
Tfte endof fte «ai, shaft casing 50 andlheoftpu, shaft 1 extends tough ftetad shaft -mg 
sopported for ro<auonal movement reMve .0 fte tail shaft casing 50 by a beanng 58. 

A substantia!,, rigid support arrangement 60 for supporting first and second load c* W«. 
m „onted on the underside of me tai. shaft casing. The snpport arrangement 60 , moun* 

IZ cells 62,64 rest on a chassis bar (no, shown), which is a sttucuua. member of fte chassrs 
. extending Mo* across to chassis, but are no, attached to the chassis bar. 
When fce output shaft 1 is driven by me engine .0 via the transmission system^ torque is 
fritted 1 me input and outtm, shafts 7,1, along a load paft inc.udmg Ore beanng 
^5,58 ftegea*oxc^ug34,firs«andsecondendp,ates36,3gand,hettn.shaftc«ngo0. 

Hefts, and second end piates 36^8 and ftetai. shaft casin g 50,o deform. Theexten offte 

e « of deformation measured can be used ,o contto, tt,e amount of torque apphed to ,b 
Emission when seeing beriveeu gear rados. The direottou of torque ,s rmportan. «• « 

(braking). 

h fcepresent embodiment the magniftde and doe direction of One torque in the ononis 
tail shaft casing 50, fte easing deforms by twiattng. The support arrangement 60 (waste wtthtte 

for ce applied to me chassis bar and he ofter .oad cell ,0 reduce the load apphed to fte etosrs 
torceappu 64 The magnitude of the difference between 

bar. Readings can be taken ftom the load cells 62,64. The magmru 
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the readings from the first and second load cells 62,64 is proportional to the amount of 
deformation of the tail shaft c^ing 50 and hence the magnitude of the torque in the transmission. 
Direction of the torque is established by detaining which of the first and second load cells 
62,64 has the larger reading. 

The tail shaft casing 50 deforms by a different amount for a given magnitude of torque in the 
output shaft 1 when different gear ratios are engaged by the selector mechanism 13. This is 
because of the different relative positions of the gear wheels along the shafts 1,7, the physical 
properties of the gear wheels such as size, geometry, materials used, tooth form etc. Therefore 
it is necessary to adjust the values of deformation measured when comparing measured values 
generated when different gear ratios are engaged by the selector mechanism. Otherwxse 
equivalent measured values would relate to different values of torque in the output shaft 1 . 

The relationship between the amount of deformation caused in the tail shaft casing- 50 when the 
selector assembly 13 engages different gear ratios, for example the first and second gear ratros 
15 17 is known and therefore the amount of torque in the transmission can be controlled by 
measuring deformation in the tail shaft casing 50, or some other component or assembly that 
supportsorhousesrotatabletransmission components. Typically the relationship is substantially 
linear and therefore the amount of deformation measured when the first gear ratio 1 5 is engaged 
canbemultipliedbyascdingfactorforcomparisonwimdeformatibnmeasuredwhe^ 

gear ratio 17 is engaged. In some embodiments the relationship may be non-linear. 

It is necessary for the control system to know the correct relationship to apply when selecting 
between gear ratios. When more than one selection can be made, and hence a plurahty of 
relationships exist between different ratios, it is necessary for the control system to know the 
position of the selector assembly 1 3 so thai it can identify the gear ratio currently engaged, the 
gear ratio newlv selected and the relationship between those gear ratios for adjusting the amount 
of deformation measured. This can be achieved using position sensors 70. The sensors 70 

Hall Effect sensors, mechanical switches or optical sensors. The sensors 70 are connected to the 
computer processor 20 to accurately inform the processor of position of the bar sets and hence 
which gear ratio is engaged. It also provides additional means for controlling actuate of the 
selector rod 35 and provides a means of confirming that a gear change has taken place. 

When an unengaged gear ratio is selected the amount of torque in the transmission changes and 
is determined by the gear ratio selected. For example, a lower gear (e.g. 1 * gear in a vehicle) 
produces more torque in the transmission than selection Of a higher gear (e.g. 2"" gear m a 
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vehicle) Whenthenewgearratio is selected thetorquein the transmission has to adjust from that 
determined by the old gear ratio to that determined by the new gear ratio. It is preferable to 
control the increase or decrease in torque in the transmission to provide a smoother gear 
transition. 

msisachievedbymeasnringthe deformation infhetail shaft casing 50 immediately after a gear 
change has been initiatedbut before the gear selection is made, and after the new gear rauo has 
been selected. The control system uses the known relationship between the two gear rauos to 
adjust the deformation measurements made. The first and second load cells 62,64 are connected 
to the computer processor 20. The computer processor controls the magnitude ofthe torque m the 
fransmissionbymomtor^ 

the pressure between the clutch plates 4,6 with the clutch actuator 22 and the engine speed and 
torque with the throttle pots 24 to allow the torque to increase or decrease in a controlled manner, 
for example at a predetermined rate, to provide a smooth gear change. The control system can 
maintain the torque within a predetermined tolerance range of a selected value. 

.The control system minimises the effect ofthe torque spike caused when a new.gear ratio is 
r. CT gaged.by adjusting the torque to the level it was prior to the gear change so that the control 
system follow a torque gradient to a target torque for the new ratio. 

It is also possible to calibrate the torque in the output shaft 1 with the deformation measured, 
Which mavbemeasured for calibration purposes only with a conventional torque sensor. Hence 
there is a known relationship between the amount of deformation measured and the magnitude 
of torque acting on the output shaft 1 . However, this is not necessary for the control system to 
obtain smooth gear changes since it is only necessary to maintain and / or control the rate of 
change of torque rather than control the absolute magnitude of torque, which can be achieved by 
monitoring the amount of deformation in the tail shaft casing 50 as the control system adjusts the 
clutch pressure and throttle. 

Rotational drive is transferred from the input shaft 7 to the output shaft 1 via either the first or 
second gear wheel pairs 15,17, with selection ofthe gear wheel pairs being detennined by the 
position ofthe selector assembly 13. The selector assembly 13 engages first and second groups 
of drive formations 19,21 located on the first and second gear wheels 3,5 respectively. 

The drive formations each comprise groups of dogs. The first dog group 19 is located on one side 
ofthe first gear wheel 3. The dogs are preferably fonned integrally with the first gear wheel, but 
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this is not. essential. The first dog group 19 comprises three dogs evenly, circumferentially 
distributed about the gear face, i.e. the angle subtended between the centres of a pair of dogs is 
approximately 120 degrees (see Figure 3). The second dog group 21, comprises three dogs and 
is similarly arranged on one side of the second gear wheel. Three dogs are used because this 
arrangement provides large engagement windows, that is the spaces between the dogs, to receive 
the selector assembly 13. Large engagement windows provide greater opportunities for the 
selector assembly to fully engage the gear wheels 3,5 before transmitting drive thereto. If the 
selector assembly 13 drives a gear wheel when only partially engaged it can lead to damage of 
the dogs and / or the selector assembly 13. 

The first and second gear wheels 3,5 are mounted spaced apart on the output shaft 1 on roller 
bearings 23,25 and are arranged such that the sides including the first and second dog groups face 
each other. 

The selector assembly 13 includes first and second sets of engagement bars 27,29 and an actuator 
assembly 3 1 in the form of a fork assembly 33 and a selector rod 35. 

The first and second sets of engagement bars 27,29 are mounted on the output shaft 1 between 
the first and second gearwheels 3,5. Referring specifically to Figure2, the first set of engagement 
bars 27 comprises three bars 28 attached to a first connector ring 37, for example using grub 
screws. The first connector ring 37 holds the bars 28 in a fixed arrangement. The bars 28 are 
evenly distributed about the inner circumference of the first connector ring 37 such that their 
bases face inwards, and the bars 28 are arranged substantially parallel. The second set of 
engagement bars 29 comprises three bars 30 which are held in a similar fixed arrangement by a 
second connector ring 39. 

The first and second engagement bar sets 27,29 are mounted on the output shaft I between the 
first and second gear wheels 3,5. The sets of engagement bars 27,29 are arranged to rotate with 
the output shaft 1 but are able to slide axially along the shaft in response to a switching action of 
the actuator assembly 31. To facUitate this, the output shaft 1 includes six keyways 41 formed in 
its curved surface with each engagementbar28,30havingacomplementaryfonnationinitsbase. 
The arrangement of thebar sets 27,29 is such that bars of aparticular set are located in alternate 
keyways 41 and the bar sets 27,29 can slide along the output shaft 1 . Each bar set 27,29 moves 
as a unit and each bar set can move independently of the other. When there is relative movement 
between the first and second sets of bars 27,29, the second connector ring 39 slides over the first 
set of bars 27 and the first connector ring 37 slides over the second set of bars 29. 
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Each bar 28 in the first bar set 27 has a first end 28a arranged to engage the first group of dogs 
1 9 attached to the first gear wheel 3 and a second end 28b arranged to engage the second group 
of dogs 21 on the second gear wheel 5. The first and second ends 28a,28b typically have the same 
configuration but are opposite handed, such that the first end 28a is arranged to engage the first 
group of dogs 1 9 during deceleration of foe first gear wheel 3 and the second end 28b is arranged 
to engage the second group of dogs 21 during acceleration of the second gear wheel 5. Each bar 
30 in the second bar set 29 is similarly arranged, except that the first end 30a is arranged to 
engage the first group of dogs 1 9 during acceleration of the first gear wheel 3 and the second end 
30b is arranged to engage the second group of dogs 21 during deceleration of the second gear 
wheel 5. 

When both the first and second sets of engagement bars 27,29 engage a gear wheel drive is 
transmitted from the input shaft 7 to the output shaft 1 whether the gear is accelerating or 
decelerating. 

The first and second ends 28a,30a,28b,30b of each bar include a substantially vertical face 43 for 
engaging dogs 19,21 and a ramp 45 that slopes in the direction of the engagement face 43 to 
Ki^ure that fhebars 28,30 disengage from thedogs 19,21 to prevent the transmission from locking 
up; When the bars of the first and second sets 27,29 are interleaved, as in Figure 2, the dog 
engagement faces 43 of the first end 28a of foe first set of bars 27 are adjacent the dog 
engagement faces 43 of the first end 30a of the second set of bars 29. When the first and second 
sets of bars 27,29 are fully engaged with a gear a dog is located between each pair of adjacent 
engagement faces 43. The dimensions of the dogs 19,21 and the ends of foe bars are preferably 
such that there is little movement of a dog between foe engagement face 43 of the acceleration 
bar and foe engagement face 43 of the deceleration bar when the gear moves from acceleration 
to deceleration, or vice versa, to ensure that there is little or no backlash in the gear. 

Preferably thebars areconfigured to becloseto foe output shaft 1 to prevent significant cantilever 
effects due to large radial distances of loaded areas thus reducing foe potential for structural 
failure. 

The actuator assembly 3 1 is arranged such that foe fork assembly 33 is mounted on foe selector 
rod 35, and foe selector rod is provided parallel to foe output shaft 1 and adjacent thereto. The 
fork assembly 33 includes a fork 46 and first and second annular disc springs 47,49 mounted 
about foe output shaft 1 (see Figure 1 a). The first and second disc springs 47,49 have three arms, 



WO 2005/005869 PCT/GB2004/002955 ^ 

with each arm having a first part that extends circumferentially around a part of the spring and ^ 
a second part mat extends radially inwards (see Figure 4). ^ 

<£ 

The fork 46 has a first pair of arcuate members 51 arranged to engage the first disc spring 47. The -J 
arcuate members 51 are arranged such that the first disc spring 47 can rotate with the output shaft ^ 
1 between the arcuate members 51 and such that axial movement of the fork 46 parallel to the 
output shaft 1 moves the arcuate members 5 1 and hence the first disc spring 47 axially along the (/> 
shaft if the first disc spring 47 is free to move, or biases the first disc spring 47 to move in the m 
same direction as the fork 46 if the first disc spring 47 is unable to move. The fork 46 has a 
second pair of arcuate members 53 arranged to engage and act upon the second disc spring 49 in 
a similar manner. 

The position of the fork 46 relative to the first and second geaT wheels 3,5 can be adjusted by 
movement of the selector rod 35 in the axial direction. 

The inner edges of the first disc spring 47 are fixed to the bars 28 in the first bar set 27 and the 
inner edges of the second disc spring 49 are fixed to the bars 30 in the second bar set 29. When 
the fork 46 moves, thereby moving or loading the disc springs 47,49 the engagement bar sets 
27,29 are Ukewise moved or biased to move. 

The transmission can be arranged as manual gear shift wherein gears are selected by moving a 
gear stick between predetermined positions (as shown in Figure lb), a semi-automatic 
transmission wherein the driver initiates a gear change by controlling electronic switches, for 
example paddles mounted adjacent the steering wheel, or fully automatic wherein the control 
system causes the transmission system to change gear according to certain predetermined 
conditions, including for example engine speed and torque. 

The processes of selecting a higher gear (i.e. second gear wheel pair 17) when a vehicle is 
accelerating (so called up shift) and a lower gear (i.e. first gear wheel pair 1 5) when the vehicle 
is decelerating (so called breaking down shift) using the control system will now be described 
with reference to Figures 5a-5f which for clarity illustrate diagrammatically the movement of the 
first and second bar sets 27,29 by the relative positions of only one bar from each set, Figures 1 a- 
c and Figures 6 to 9. 

Figure 5c shows a condition when the first gear wheel 3 is fully engaged, that is, the bars 28,30 
are interleaved with the first group of dogs 1 9. The selector rod 35 is located such that the fork 
46 maintains the first and second bar sets 27,29 in engagement with the first gear wheel 3. 
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Accordingly, drive is transferred to the output shaft 1 via the first gear wheel pair 15 by the first 
bar set 27 when decelerating and the second bar set 29 when accelerating. 

Whilst accelerating (first gear wheel 3 rotating in the direction of arrow B in Figure 5c) using the 
first gear wheel pair 1 5, the engagement faces 43 of the bars of the first bar set 27 are not loaded, 
whilst the engagement faces 43 of the bars of the second bar set 29 are loaded. When a user, or 
the control system, initiates selection of the second gear wheel pair 17, the computer processor 
takes measurements from the first and second load cells 62,64 and compares the values measured. 
If the value measured by the second load cell 64 is greater than that measured by the first load cell 
62 this indicates to the control system that the engine is accelerating and the gear change is 
allowable. The processor 20 then sends control signals to the clutch actuator 22 to adjust the 
pressure between the first and second clutch plates 4,6. The rotational speed of each clutch plate 
is measured by the clutch plate sensors 16,18. Whilst the clutch plates are fully engaged the 
sensors 16,18 will show that they are rotating at the same speed. As the pressure between the 
clutch plates 4,6 reduces a condition will be reached where the torque transmitted by the clutch 
2 will overcome the friction between the first and second plates 4,6 causing the first and second 
plates 4,6 to move relative to each other (onset of slip B see Figure 7). The computer processor 
20 will detect the onset of slip when there is a measured difference between the rotational speeds 
of the first and second clutch plates 4,6. The processor 20 then instructs the actuator 22 to 
maintain this pressure (the "slip pressure"). 

After the computer processor 20 has measured deformation prior to the shift, the processor 20 
calculates the amount by which the measurement from the load cells 62,64 needs to be adjusted 
to cause the torque value in the transmission to match the torque prior to the shift when the new 
ratio is engaged (each ratio causes a different reading in the load cells 62 ? 64 even when output 
torque is maintained during a shift as the moment forces change due to the different axial 
position, gear diameter, and ratio of each gear). This becomes the first target value upon 
engagement of the new ratio. 

The processor 20 sends control signals to actuate the selector rod 3 5 such that the fork 46 acts on 
-the first disc spring 47, causing the bars of the first bar set 27 to slide axially along die keyways 
41 in the output shaft 1 thereby disengaging the bars from the first gear wheel 3 (see Figure 5d). 

The fork 46 also acts on the second disc spring 49 to bias the bars of the second bar set 29 to 
move towards the second gear wheel 5. However, because the bars of the second bar set 29 are 
loaded, i.e. are (hiving the first gear wheel 3, they cannot be disengaged from the first gear wheel 
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3, and therefore the bars of the second bar set 29 remain stationary. 

When the bars of the first bar set 27 slide axially along the output shaft 1 , the engagement faces 
43 engage the second group of dogs 2 1 (see Figure 5e) on the second gear wheel 5. As this occurs 
the rotation of the second gear wheel 5 is substantially instantaneously locked to the rotation of 
the output shaft 1 which generates a torque spike in the transmission. The torque spike causes 
substantial slip between the first and second clutch plates 4,6 since the clutch plates 4,6 were 
beingmaintained at the slip pressure, thus dissipating the energy in the torque spike. At the same 
time the computer processor 20 measures the amount of deformation in the tail shaft casing 50, 
and sends control signals to the clutch actuator 22 and to the throttle pots 24 to adjust the pressure 
between the first and second clutch plates 4,6 and to adjust the speed and torque of the engine 10 
to cause the deformation measured by the load cells 62,64 to adjust to the final target value for 
the new ratio in a controlled manner, for example at a predetermined rate. The control system 
prioritises restoring the clutch 2 to full pressure to limit clutch wear and adjusts the engine speed 
and torque to allow this to happen, without exceeding the target load cell value at any time until 
the final target value is reached. When the clutch 2 is fully engaged control of the throttle is then 
returned to the driver as quickly as possible without exceeding the target load cell value set 
tolerances at any time until the final target value for the new ratio is achieved whereupon throttle 
is returned to driver control and the clutch is restored to full in gear pressure. 



The bars of the first bar set 27 then begin to drive the second gear wheel 5 in the direction of 
Arrow C in Figure 5e and energy is transmitted from the output shaft 1 to the input shaft 7 by way 
of the second gear wheel pair 17. As this occurs, the bars of the second bar set 29 cease to be 
loaded, and are free to disengage from the first group of dogs 1 9. Since the second disc spring 49 
. is biased by the fork 46, the bars of the second bar set 29 slide axially along the keyways 41 in 
the output shaft I thereby completing the disengagement of the first gear wheel 3 from the output 
shaft 1 . The bars of the second bar set 29 slide along the keyways 41 in the output shaft 1 until 
they engage the second gear wheel 5, thereby completing engagement of the second gear wheel 
5 with the output shaft 1 (see Figure 5f). This method of selecting gear wheel pairs substantially 
eliminates torque interruption since the second gear wheel pair 17 is engaged before the first 
wheel pair 15. is disengaged, thus momentarily, the first and second gear wheel pairs 15,17 are 
simultaneously engaged. 

When a gear wheel is engaged by both the first and second bar sets 27,29 it is possible to 
accelerate or decelerate using a gear wheel pair with very little backlash occurring when 
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swxtchmg between the two conditions. Backlash is the lost motion experienced when the dog 
moves from the engagement face 43 of the acceleration bar to the engagement face 43 of the 
deceleration bar when moving from acceleration to deceleration, or vice versa. A conventional 
dog-type transmission system has approximately 30 degrees of backlash. A typical transmission 
system for a car in accordance with the current invention has backlash of less than four degrees. 

BacWashisreducedbyminimis^^ 

dunngagear shift: that is, tbe clearance between the dog and the following engagement bar(see 
measurementA^nFigureSb^ecl^ 

is m the range 0.5mm - 0.03mm and is typically less than 0.2mm. Backlash is also a function of 
the retention angle, that is, the angle of the engagement face 43, which is the same as the angle 
of the undercut on the engagement face of the dog. The retention angle influences whether there 
is relative movement between the dog and the engagement face 43. The smaller the retention 
angle, the less backlash that is experienced. The retention angle is typically between 2.5 and 1 5 
degrees, and preferably is 15 degrees. 

transition from the second gear wheel pair 1 7 to the first gear wheel pair 1 5 whilst decelerating 
is achieved by a similar process. 

Whilst decelerating in the second gear wheel pair 1 7 the engagement surfaces 43 of the bars of 
thefirstbarset27arenotloaded,whilstthe engagement surfaces 43 of the bars of the second bar 
set 29 are loaded. When, a driver or the control system initiates a gear change to engage the first 
gear wheel pair 15, the processor 20 sends control signals to the clutch actuator 22 to adjust the 
pressure between the first and second clutch plates 4,6. The speed of each clutch plate 4 6 is 
measured by the clutch plate sensors 16,18. Whilst the clutch plates 4,6 are fully engaged the 
sensors will show that they are. rotating at the same speed. As the pressure between the clutch 
plates 4,6 reduces a condition will be reached where the torque transmitted by the clutch will 
overcome the friction between the first and second plates 4,6 causing the first and second plates 
to move relative to each other (onset of slip B see Figure 7). The computer processor 20 will 
detect the onset of slip when there is a measured difference between the rotational speeds of the 
first and second clutch plates.. The processor then instructs the actuator 22 to maintain the 
pressure at the slip pressure. The processor then takes measurements from the first and second 
load cells 62,64 and compares the values measured. The computer processor 20 records the 
amount of deformation in the tail shaft casing 50 and the direction of the torque. 
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clones meamountby which the measurement from ftetoad cells 62,64 needs to he adjusted 
to cause fte torque va,uei„ ft ettansmission to match the to^ue prior to the shift wheutheuew 
mho » engaged (each ratio causes a different reading fa the load cells 62,64 even when output 
torque is mamtained during a shift as the ntotnen. forces change due to the different axial 
posttton, gear diameter, and ratio of each gear), a, becomes the firs, targe, value upon 
engagement of the new ratio. 

tha, me engtne 10 is decelerating and an engine braking down shift has been initiated The 
processor men sends control signals to .create the selector nod 35 such tha, the fork 46 slides 
attaUv relarive to the caput shaft 1. The fori: 46 acts on the fire, disc spring 47 attached to the 

^«».^fcb««r toteb «„ 27tolitoBdl ^ ill(ta 

o«pu, shaft , „ the direction of the fire, gear whee, 3, .hereby disengaging the fire, bar s« 27 
rrom the second gear whee] 5. 

The fork 5 also ads on me second disc spring 49 bn, since the bare of the second bar se, 79 „ 

^'•^eyasedrivh^yengagedwimmedoga^onmeseco^ge^w.^meaeeondh^ 
set 29 rematns «ona^, however, he second diso spring 49 ia biased by me fork 46 to move the 
second bar set 29 towards the first gear wheel 3. ' "' ~ 

» 

on the fire, gear whee. 3. As «* occurs me rotation of the fire, gear wheel 3 is substanLiy 
ms^^neouslylockedtomeromtionofmeoutputshafi , which generates a tonque spike in the 
77 «*«— ^between me fire, and second clutchplates 

4,6 smce the dutch plWes were being mainlined a, the slip p TO , Ulus dissipatinl! fc ^ 
m the torque spike. At me same time me computer processor 20 measure, the m oun", 'of 
deformatton in fire taf, shaft casing 50, and sends control signals to <he clu.ch actuator >7 and to 
the throttle pots 24 to adjust me pressure between the fire, and second clutoh plates «7«d to 

* , r d - dtaV,ef *"-*- """^^edefonnattonmeaauredbyureload cells 
62,64 to adjust to the final target value for me new ratio in a control manner, for example „ 
^^^^Tie^Uy^pri^^^^^^^^ 

fit targe, load eel, value a, any „me m fil the fi nal targe, value is reached. When the dutch 7 fc 
fUly^gaged centre, of me teottle is then returned to the driver as quick* as possible without 
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exceeding the target load cell value set tolerances at any time until the final target value for the 
new ratio is achieved whereupon throttle is returned to driver control and the clutch is restored 
to full in gear pressure. 

When the bars 28 engage the dogs 19 on the first gear wheel 3 they begin to drive the first gear 
wheel 3 such that energy is transmitted from the input shaft 7 to the output shaft 1 by way of the 
first gear wheel pair 1 5. As this occurs, the bars of the second bar set 29 cease to be loaded. The 
second disc spring 49 acts on the bars of the second bar set 29, causing it to slide axially within 
the keyways 41 along the output shaft 1 towards the first gear wheel 3, thereby completing 
disengagement of the second gear wheel 5. The second bar.set 29 continues to slide within the 
keyways 41 along the output shaft 1 until it engages the first gear wheel 3, thereby completing 
engagement of the first gear wheel 3 with the output shaft 1 . 

If the second load cell 64 has a higher value than the first load cell 62 mere is engine acceleration 
and the driver / control system is trying to perform a kick down gear change, that is a gear shift 
from a higher gear to a lower gear to accelerate the vehicle, for example when a vehicle is 
travelling up a hill and the driver selects a lower gear to accelerate up the hill. In this instance the - 
engiigementsurfaces43 of fteba^^ 

surfaces 43 of the bars of the first bar set 27 are loaded. Under these circumstances it is not 
possible to engage the new gear until the previous ratio is fully disengaged. To achieve this, the 
computerprocessor 20 momentarily cuts the fuel supply to the engine to allow the previous gear 
ratio to fully disengage before engaging the lower gear. The control system then usesTthe 
engagement bars of the second bar set 29 to engage the first gear wheel 3 in a similar manner as 
described above. The gear change is then made in a similar fashion to the engine braking down 
shift. 

Figure 5a shows the first and second bar sets 27,29 in a neutral position, that is, neither bar set 
is engaged with a gear wheel, the engine is idling. Figure 5b shows the first and second bar sets 
moving into engagement with the first gear wheel 3 under the action of the fork 46. The process 
of moving from aneutral position into engagement with the first gear wheel 3 is substantially the 
same as an accelerating up shift. 

Use of the transmission system leads to improved performance, lower fuel consumption and 
lower emissions since drive interruption has substantially been eliminated. Also the system is a 
more compact design than conventional gearboxes leading to a reduction in gearbox weight. The 
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control system reduces the effects of torque spikes by preventing Shockwaves from propagating 
throughout the transmission, leading to smooth gear changes. 

It will be appreciated by the skilled man that various modifications can be made to the above 
embodiment that are within the scope of the current invention, for example a plurality of selector 
assemblies can be mounted on the output shaft with corresponding pairs of gear wheels to provide 
a larger number of gear ratios between the output shaft and the input shaft. It is also possible to 
have transmission systems with more than two shafts to provide additional gear ratios. 

A torque converter can be used instead of a clutch, or in combination with a. clutch or in 
combination with a plurality of clutches. For example, the output from an engine can. be 
connected in series to a torque converter and then to a clutch. Alternatively, the output from an 
engine can be connected in series with a torque converter and then in parallel to a network of 
clutches. The term clutch means should be understood to include all of the above-mentioned 
combinations. 

The load cells may be mounted on the gearbox casing or some other component or assembly that 
supports or houses rotatable transmission components. 

Figure 9 shows a strain gauge 66 and a Wheatstone bridge circuit 68 that can be used to measure 
the magnitude of torque in the output shaft 1. The strain gauge 66 works on a similar principle 
to the load cells in that it measures strains in components or assemblies that house or support 
rotatable transmission components along the torque load path such as bearing casings, bearing 
mountings, the gearbox casing 34, the gearbox casing end plates 36,38, the bolts used to attach 
fee endplates 36,38 to the gearbox casing 34 and fee tail shaft casing 50. Strain gauges 66 may 
also be located on a differential. 

Strain is fee ratio of fee change, in a dimension to fee original dimension. The strain gauge 66 is 
fixedly attached to a component or assembly feat houses or supports rotatable transmission 
components for example by using a cement or adhesive. Any distortion in the component / 
assembly caused by torque within the transmission will also cause a distortion of the strain gauge 
66. The gauge 66 contains conducting material and fee distortion therefore results in a change in 
its resistance. By measuring this change in resistance the stain can be determined. The change 
in resistance is measured through the Wheatstone bridge circuit 68. This has 4 arms, ananged in 
a square. Each arm contains either a resistor 70 of known resistance, or a strain gauge 66 - strain 
gauges will occupy one, two or four of the arms. 
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Tabng the esse of one s*ain gauge 66 in fine Wheatstone bridge, a so caHed quarterage 

TonT r r 9IftbereSiStoWOf,heSlrai "^*^.*— nuo.o^ebridg 
will change (according to Ohms law V.tm Thi, ' . 

can be detennined. * " "* *» m0M * 

The magnih.de of the strain detected in those components or assemblies is proportional ,„ the 

ma.m.lar^tote.oadeelUo^for.amp.ebynsmgaccnven.ionaltoronesensor * 
-"^-^^isuaedl.is^^^^^^^- 

Sensor, 72 can be used ,„ measure the relative rotational speeds and / or the relative mtahonal 
posthons o me so. of engagement bars the gear wheel to be engaged. This en" 
cmrtro, sys em to control the movement of me engagement bars such Ura, me engagement 
do notcmshmtothedogs on gearwheel bu, rafter engage ^^^^^^ 
spaces between the dogs. This substanuany redoces ^ m rf _ J ™^d £ 

engag^entbara.IhedetectomeanbeH^Elfeetsensom.opncalscnsorsoranvomllbt 
^eofsensorforderermimngme^honalspeedorpositionofabody. 

Thesensom 70,72 fcrdetecttrgtheposihonsand/orm^ona, speeds of the sets of e„_, 
bam the gear wheels can be used in function w„h the engine control „ nit 74 ,0 ~ 

on he stdeofagear wheel. This momentarily reduces theamoun, of «o rq ue in J^JZ 
Oprionally, the oonho, system can include, hachon control mechanism (no, shown) ,0 prevent 
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output shaft, for example by using a apUnedarraogemeDt. . 
^^■'^e^dinte^offa^^^^ 
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he first gear . acoe.eraftng and three no, loaded, and moving me fori, ,„ bias tte disc _ 
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^^-vemmengag^^ft^^^ ^ S 
a htghly eompac, arrangemen, leading ,o smaller, lighter gearboxes. 
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Whenaringisnotusedtofixthepositionsofthebarsinase^thebarsiaasetcanmoveasmall 
amount relative to each other in the axial direction. This is because the only connection between 5 
the bars in a set is provided by a deformable disc spring. A single bar is attached to each disc 5 
spring arm and each arm can deform independently of the others, thereby allowing the relative 5 
movement between the bars. The bars in a set will nevertheless essentially move in unison. <5 
The number of dogs on each of the gear wheels is not limited to three, for example any ^ 
practicable number of dogs can be used. It has been found that two to eight dogs are suitable for 
most applications. Similarly, the number of bars in a bar set can be any practicable number but 
most preferably the number of bars in a set equals the number of dogs in a group. 

It will also be appreciated by the skilled person that the transmission system can be adapted such 
thattheselectorassanblyand the first and second gearwheels are mounted on the input shaft and 
the fixed gear wheels are mounted on the output shaft. 

The transmission system can be used in any vehicle for example, road cars, racing cars, lorries, 
motorcycles, bicycles, earth removal vehicles such as bulldozers, cranes, military vehicles,' 
aircraftrsuch as aeroplanes and helicopters, watercraft such as boats, ships and hovercrafts. The 
system can also be used in any machine that has first and second rotatable bodies wherein drive 

is to be transmitted fi-omoneoffterotatablebodies to the other, for example in lathes and milling 
machines. 



